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FIG. 13
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METHOD AND DEVICE FOR SIGNAL
TRANSMISSION OR RECEPTION ON BASIS
OF LTE AND NR IN WIRELESS
COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage application under 35
U.S.C. § 371 of International Application No. PCT/KR2018/
011685, filed on Oct. 2, 2018, which claims the benefit of
U.S. Provisional Application No. 62/619,134, filed on Jan.
19, 2018, U.S. Provisional Application No. 62/592,336, filed
on Nov. 29, 2017, U.S. Provisional Application No. 62/388,
223, filed on Nov. 17, 2017, and U.S. Provisional Applica-
tion No. 62/566,566, filed on Oct. 2, 2017. The disclosures
of the prior applications are incorporated by reference 1n
their entirety.

TECHNICAL FIELD

The present disclosure relates to a wireless communica-
tion system and, more particularly, to a method of transmit-

ting and receiving signals based on long-term evolution
(LTE) and new radio access technology (NR) in a wireless

communication system and an apparatus therefor.

BACKGROUND ART

Wireless access systems have been widely deployed to
provide various types ol communication services such as
voice or data. In general, a wireless access system 1s a
multiple access system that supports communication of
multiple users by sharing available system resources (band-
width, transmission power, etc.) thereamong. For example,
multiple access systems include a code division multiple
access (CDMA) system, a frequency division multiple
access (FDMA) system, a time division multiple access
(TDMA) system, an orthogonal {frequency division multiple
access (OFDMA) system, and a single carrier frequency
division multiple access (SC-FDMA) system.

As more communication devices have demanded higher
communication capacity, there has been necessity of
enhanced mobile broadband communication relative to
legacy radio access technology (RAT). In addition, massive
machine type communication (MTC) for providing various
services at anytime and anywhere by connecting a plurality
of devices and things to each other becomes one 1ssue to be
considered 1n next-generation communication. Moreover,
design of a communication system considering services/UEs
sensitive to reliability and latency has been discussed.

As new RAT considering such enhanced mobile broad-
band communication, massive MTC, ultra-reliable and low
latency communication (URLLC), and the like, a new RAT
system has been proposed. In the present disclosure, the
corresponding technology 1s referred to as new RAT or new

radio (NR) for convenience of description.

DISCLOSURE

Technical Problem

Hereinafter, a method of transmitting and receiving sig-
nals based on LTE and NR in a wireless communication
system and an apparatus therefor will be proposed based on
the above-described discussion.
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2

Technical tasks obtainable from the present disclosure are
non-limited by the above-mentioned technical task. And,
other unmentioned technical tasks can be clearly understood
from the following description by those having ordinary
skill in the technical field to which the present disclosure
pertains.

Technical Solution

In one aspect of the present disclosure, a method for
transmitting and receiving a signal by a terminal dual-
connected to a first Radio Access Technology (RAT) and a
second RAT 1 a wireless communication system may
include receiving a downlink reference Time Domain
Duplex (TDD) uplink-downlink configuration based on the
first RAT, and based on that an uplink subiframe based on the
downlink reference TDD uplink-downlink configuration 1s
related to a first transmission time unit having a predeter-
mined length, performing time division multiplexing (TDM)
of configuring the {first transmission time unit for the first
RAT and configuring a second transmission time except the
first transmission time unit for the second RAT 1n the uplink
subirame.

Further, relative positions of uplink signals having the
first transmission time unit may be configured through
higher layer signaling, the uplink signals being related to a
downlink signal having the first transmission time unit.

Further, the first RAT may be a Frequency Domain
Duplex (FDD) based Long Term Evolution (LTE) band, and
the second RAT may be New Radio Access Technology
NR), wherein, based on the first time unmit being mapped a
short-delta short transmission time interval (Ashort-TTT)
number later after a downlink subiframe based on the down-
link reference TDD uplink-downlink configuration, the
uplink subirame may be determined based on Hybrid Auto-
matic Repeat Request (HARQ) timing for carrier aggrega-
tion of LTE-based TDD Pcell and FDD Scell.

Further, the first RAT may be a Frequency Domain
Duplex (FDD) based Long Term Evolution (LTE) band, and
the second RAT may be New Radio Access Technology
(NR). The method may further include, based on that the
first transmission time unit present in the uplink subirame 1s
only one, determining the uplink subiframe based on Hybnd
Automatic Repeat Request (HARQ) timing for carrier
aggregation of LTE-based TDD Pcell and FDD Scell and
transmitting an uplink signal in the first transmission time
unit i the uplink subframe.

Further, the first RAT may be a Frequency Domain
Duplex (FDD) based Long Term Evolution (LTE) band, and
the second RAT may be New Radio Access Technology
(NR). The method may further include, based on that the
first transmission time unit present in the uplink subirame 1s
only one, determining the uplink subiframe based on Hybrid
Automatic Repeat Request (HARQ) timing for carrier
aggregation of LTE-based TDD Pcell and FDD Scell and
transmitting an uplink signal in the first transmission time
unit 1 the uplink subframe. Further, the first transmission
time unit of the uplink subirame may be configured through
one of higher layer signaling, a Media Access Control
Control FElement (MAC CE), or a control channel.

Further, information about the TDM between the first
RAT and the second RAT may be exchanged through
backhaul signaling between a first base station for the first
RAT and a second base station for the second RAT.
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Further, Hybrid Automatic Repeat Request (HARQ) tim-
ing related to the first transmission time unit may be deter-
mined according to a preset value of K (where K 1s a natural
number).

Further, the predetermined time unit may be shorter than
one subirame.

In another aspect of the present disclosure, a terminal for
transmitting and receiving a signal while being dual-con-
nected to a first Radio Access Technology (RAT) and a
second RAT 1n a wireless communication system may
include a radio frequency unit and a processor, wherein the
processor may be configured to receive a downlink reference
Time Domain Duplex (TDD) uplink-downlink configuration
based on the first RAT and to, based on that an uplink
subframe based on the downlink reference TDD uplink-
downlink configuration 1s related to a first transmaission time
unit having a predetermined length, configure the first trans-
mission time unit for the first RAT and configure a second
transmission time for the second RAT in the uplink subframe
except the first transmission time unit.

Advantageous Elflects
According to embodiments of the present disclosure, LTE
and NR based signals may be etliciently transmitted and
received 1n a wireless communication system.

Effects obtainable from the present disclosure are non-
limited by the above mentioned eflect. And, other unmen-
tioned eflects can be clearly understood from the following
description by those having ordinary skill in the technical
field to which the present disclosure pertains.

DESCRIPTION OF DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the disclosure and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the disclosure and together with
the description serve to explain the principles of the disclo-

sure.
FIG. 1 schematically illustrates an E-UMTS network

structure as an example of a wireless communication sys-
tem.
FIG. 2 1llustrates control plane and user plane structures

of a radio interface protocol between a UE and an
E-UTRAN on the basis of the 3GPP wireless access network
standard.

FIG. 3 illustrates physical channels used mm a 3GPP
system and a general signal transmission method using the
same.

FIG. 4 1llustrates a radio frame structure used 1in LTE.

FIG. § 1illustrates a resource grid for a downlink slot.

FIG. 6 1illustrates a structure of a downlink radio frame
used 1n an LTE system.

FI1G. 7 illustrates a structure of an uplink radio frame used
in an LTE system.

FIG. 8 1s a reference diagram for explaining a
contained slot structure 1n an NR system.

FIGS. 9 and 10 are reference diagrams for explaiming
methods for connecting TXRUs to antenna elements.

FIG. 11 1s a reference diagram for explaining hybrid
beamforming.

FIGS. 12A and 12B are reference diagrams for describing,
TDM types according to an embodiment of the present
disclosure.
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FIGS. 13 and 14 are reference diagrams for describing
TDM patterns according to an embodiment of the present
disclosure.

FIG. 15 illustrates a base station (BS) and a user equip-
ment (UE) applicable to an embodiment of the present
disclosure.

BEST MODE

A 3rd generation partnership project long term evolution
(3GPP LTE) (heremnaftter, referred to as ‘LTE’) communica-
tion system which 1s an example of a wireless communica-
tion system to which the present disclosure can be applied
will be described 1n brief.

FIG. 1 1s a diagram 1illustrating a network structure of an
Evolved Universal Mobile Telecommunications System
(E-UMTS) which 1s an example of a wireless communica-
tion system. The E-UMTS 1s an evolved version of the
conventional UMTS, and its basic standardization 1s 1n
progress under the 3rd Generation Partnership Project
(3GPP). The E-UMTS may be referred to as a Long Term
Evolution (LTE) system. Details of the technical specifica-
tions of the UMTS and E-UMTS may be understood with
reference to Release 7 and Release 8 of “3rd Generation
Partnership Project; Technical Specification Group Radio
Access Network™.

Reterring to FIG. 1, the E-UMTS 1includes a User Equip-
ment (UE), base stations (BSs) (or eNode B or eNB), and an
Access Gateway (AG) which 1s located at an end of a
network (E-UTRAN) and connected to an external network.
The BSs may simultaneously transmit multiple data streams
for a broadcast service, a multicast service and/or a unicast
Service.

One or more cells exist for one BS. One cell 1s set to one
of bandwidths of 1.44, 3, 5, 10, 15 and 20 MHz to provide
a downlink or uplink transport service to several UEs.
Diflerent cells may be set to provide different bandwidths.
Also, one BS controls data transmission and reception for a
plurality of UEs. The BS transmits downlink (DL) sched-
uling mnformation of downlink data to the corresponding UE
to notily the corresponding UE of time and frequency
domains to which data will be transmitted and information
related to encoding, data size, and hybrid automatic repeat
and request (HARQ). Also, the BS transmits uplink (UL)
scheduling information of uplink data to the corresponding
UE to notily the corresponding UE of time and frequency
domains that can be used by the corresponding UE, and
information related to encoding, data size, and HARQ. An
interface for transmitting user trailic or control traflic may be
used between the BSs. A Core Network (CN) may include
the AG and a network node or the like for user registration
of the UE. The AG manages mobility of the UE on a
Tracking Area (TA) basis, wheremn one TA includes a
plurality of cells.

Although the wireless communication technology devel-
oped based on WCDMA has been evolved into LTE, request
and expectation of users and providers have continued to
increase. Also, since another wireless access technology 1s
being continuously developed, new evolution of the wireless
communication technology will be required for competitive-
ness 1n the future. In this respect, reduction of cost per bit,
increase ol available service, use of adaptable frequency
band, simple structure and open type interface, proper power
consumption of the UE, etc. are required.

The following technology may be used for various wire-
less access technologies such as CDMA (code division
multiple access), FDMA (frequency division multiple
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access), TDMA (time division multiple access), OFDMA
(orthogonal frequency division multiple access), and SC-
FDMA (single carrier frequency division multiple access).
The CDMA may be implemented by the radio technology
such as UTRA (universal terrestrial radio access) or
CDMA2000. The TDMA may be implemented by the radio
technology such as global system for mobile communica-
tions (GSM)/general packet radio service (GPRS)/enhanced
data rates for GSM evolution (EDGE). The OFDMA may be
1mplemented by the radio technology such as IEEE 802.11
(Wi-F1), IEEE 802.16 (W1iMAX), IEEE 802.20, and evolved
UTRA (E-UTRA). The UTRA 1s a part of a universal mobile
telecommunications system (UMTS). A 3rd generation part-
nership project long term evolution (3GPP LTE) 1s a part of
an evolved UMTS (E-UMTS) that uses E-UTRA, and
adopts OFDMA 1n a downlink and SC-FDMA 1n an uplink.
LTE-advanced (LTE-A) 1s an evolved version of the 3GPP
LTE.

For clarification of the description, although the following
embodiments will be described based on the 3GPP LTE/
LTE-A, it 1s to be understood that the technical spirits of the
present disclosure are not limited to the 3GPP LTE/LTE-A.
Also, specific terminologies hereinafter used 1n the embodi-
ments of the present disclosure are provided to assist under-
standing of the present disclosure, and various modifications
may be made in the specific terminologies within the range
that they do not depart from technical spirits of the present
disclosure.

FIG. 2 1s a diagram illustrating structures ol a control
plane and a user plane of a radio interface protocol between
a UE and E-UTRAN based on the 3GPP radio access
network standard. The control plane means a passageway
where control messages are transmitted, wherein the control
messages are used by the UE and the network to manage
call. The user plane means a passageway where data gen-
erated 1n an application layer, for example, voice data or
Internet packet data are transmitted.

A physical layer as the first layer provides an information
transier service to an upper layer using a physical channel.
The physical layer 1s connected to a medium access control
(MAC) layer via a transport channel, wherein the medium
access control layer 1s located above the physical layer. Data
are transierred between the medium access control layer and
the physical layer via the transport channel. Data are trans-
terred between one physical layer of a transmitting side and
the other physical layer of a receiving side via the physical
channel. The physical channel uses time and frequency as
radio resources. In more detail, the physical channel 1s
modulated 1 accordance with an orthogonal frequency
division multiple access (OFDMA) scheme 1n a downlink,
and 1s modulated 1n accordance with a single carrier fre-
quency division multiple access (SC-FDMA) scheme 1n an
uplink.

A medium access control (MAC) layer of the second layer
provides a service to a radio link control (RLC) layer above
the MAC layer via a logical channel. The RLC layer of the
second layer supports reliable data transmission. The RLC
layer may be implemented as a functional block inside the
MAC layer. In order to effectively transmit data using IP
packets such as IPv4 or IPv6 within a radio interface having
a narrow bandwidth, a packet data convergence protocol
(PDCP) layer of the second layer performs header compres-
sion to reduce the size of unnecessary control information.

A radio resource control (RRC) layer located on the
lowest part of the third layer 1s defined in the control plane
only. The RRC layer 1s associated with configuration, re-
configuration and release of radio bearers (‘RBs’) to be 1n
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charge of controlling the logical, transport and physical
channels. In this case, the RB means a service provided by
the second layer for the data transier between the UE and the
network. To this end, the RRC layers of the UE and the
network exchange RRC message with each other. If the RRC
layer of the UE 1s RRC connected with the RRC layer of the
network, the UE 1s 1n an RRC connected mode. If not so, the
UE 1s 1 an RRC 1dle mode. A non-access stratum (NAS)
layer located above the RRC layer performs functions such
as session management and mobility management.

One cell constituting a BS (or eNB) 1s set to one of
bandwidths of 1.4, 3.5, 5, 10, 15, and 20 MHz and provides
a downlink or uplink transmission service to several UEs. At
this time, different cells may be set to provide different
bandwidths.

As downlink transport channels carrying data from the
network to the UE, there are provided a broadcast channel
(BCH) carrying system information, a paging channel
(PCH) carrying paging message, and a downlink shared
channel (SCH) carrying user traflic or control messages.
Trathic or control messages of a downlink multicast or
broadcast service may be transmitted via the downlink SCH
or an additional downlink multicast channel (MCH). Mean-
while, as uplink transport channels carrying data from the
UE to the network, there are provided a random access
channel (RACH) carrying an initial control message and an
uplink shared channel (UL-SCH) carrying user traflic or
control message. As logical channels located above the
transport channels and mapped with the transport channels,
there are provided a broadcast control channel (BCCH), a

paging control channel (PCCH), a common control channel
(CCCH), a multicast control channel (IMCCH), and a mul-
ticast trathic channel (MTCH).

FIG. 3 1s a diagram 1llustrating physical channels used 1n
a 3GPP LTE system and a general method for transmitting
a signal using the physical channels.

The UE performs 1nitial cell search such as synchronizing
with the BS when 1t newly enters a cell or the power 1s
turned on at step S301. To this end, the UE synchronizes
with the BS by receiving a primary synchronization channel
(P-SCH) and a secondary synchronization channel (S-SCH)
from the BS, and acquires information such as cell 1D, etc.
Afterwards, the UE may acquire broadcast information
within the cell by receiving a physical broadcast channel
(PBCH) from the BS. Meanwhile, the UE may identify a
downlink channel status by receiving a downlink reference
signal (DL RS) at the initial cell search step.

The UE which has finished the imitial cell search may
acquire more detailed system information by receiving a
physical downlink shared channel (PDSCH) 1n accordance
with a physical downlink control channel (PDCCH) and
information carried 1 the PDCCH at step S302.

Afterwards, the UE may perform a random access pro-
cedure (RACH) such as steps S303 to S306 to complete
access to the BS. To this end, the UE may transmit a
preamble through a physical random access channel
(PRACH) (S303), and may receive a response message to
the preamble through the PDCCH and the PDSCH corre-
sponding to the PDCCH (S304). In case of a contention
based RACH, the UE may perform a contention resolution
procedure such as transmission (S305) of additional physical
random access channel and reception (5306) of the physical
downlink control channel and the physical downlink shared
channel corresponding to the physical downlink control
channel.

The UE which has performed the aforementioned steps

may receive the physical downlink control channel
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(PDCCH)/physical downlink shared channel (PDSCH)

(S307) and transmit a physical uplink shared channel
(PUSCH) and a physical uplink control channel (PUCCH)

(S308), as a general procedure of transmitting uplink/down-

link signals. Control information transmitted from the UE to
the BS will be referred to as uplink control information
(UCI). The UCI includes HARQ ACK/NACK (Hybnd
Automatic Repeat and reQuest Acknowledgement/Nega-
tive-ACK), SR (Scheduling Request), CSI (Channel State
Information), etc. In this specification, the HARQ ACK/
NACK will be referred to as HARQ-ACK or ACK/NACK
(A/N). The HARQ-ACK i1ncludes at least one of positive
ACK (simply, referred to as ACK), negative ACK (NACK),
DTX and NACK/DTX. The CSI includes CQI (Channel
Quality Indicator), PMI (Precoding Matrix Indicator), RI
(Rank Indication), etc. Although the UCI 1s generally trans-
mitted through the PUCCH, 1t may be transmitted through
the PUSCH 1f control information and traflic data should be
transmitted at the same time. Also, the UE may non-

periodically transmit the UCI through the PUSCH 1n accor-
dance with request/command of the network.

FI1G. 4 1s a diagram 1illustrating a structure of a radio frame
used 1n an LTE system.

Referring to FIG. 4, in a cellular OFDM radio packet

communication system, uplink/downlink data packet trans-
mission 1s performed in a unit of subirame, wherein one
subirame 1s defined by a given time interval that includes a

plurality of OFDM symbols. The 3GPP LTE standard sup-

ports a type 1 radio frame structure applicable to frequency
division duplex (FDD) and a type 2 radio frame structure

applicable to time division duplex (TDD).

FI1G. 4(a) 1s a diagram 1illustrating a structure of a type 1
radio frame. The downlink radio frame includes 10 sub-
frames, each of which includes two slots 1n a time domain.
A time required to transmit one subirame will be referred to
as a transmission time interval (TTI). For example, one
subirame may have a length of 1 ms, and one slot may have
a length of 0.5 ms. One slot includes a plurality of OFDM
symbols 1n a time domain and a plurality of resource blocks
(RB) 1n a frequency domain. Since the 3GPP LTE system
uses OFDM 1n a downlink, OFDM symbols represent one
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symbol 1nterval. The OFDM symbol may be referred to as
SC-FDMA symbol or symbol mnterval. The resource block
(RB) as a resource allocation unit may include a plurality of
continuous subcarriers 1n one slot.

The number of OFDM symbols included 1n one slot may

be varied depending on configuration of a cyclic prefix (CP).
Examples of the CP include an extended CP and a normal
CP. For example, 11 the OFDM symbols are configured by
the normal CP, the number of OFDM symbols included in
one slot may be 7. If the OFDM symbols are configured by
the extended CP, since the length of one OFDM symbol 1s
increased, the number of OFDM symbols included in one
slot 1s smaller than that of OFDM symbols 1n case of the
normal CP. For example, in case of the extended CP, the
number of OFDM symbols included 1n one slot may be 6. IT
a channel state 1s unstable like the case where the UE moves
at high speed, the extended CP may be used to reduce
inter-symbol interference.

If the normal CP 1s used, since one slot includes seven
OFDM symbols, one subframe includes 14 OFDM symbols.
At this time, first maximum three OFDM symbols of each
subirame may be allocated to a physical downlink control
channel (PDCCH), and the other OFDM symbols may be
allocated to a physical downlink shared channel (PDSCH).

FIG. 4(b) 1s a diagram 1llustrating a structure of a type 2
radio frame. The type 2 radio frame includes two half
frames, each of which includes four general subirames,
which include two slots, and a special subirame which
includes a downlink pilot time slot (DwWPTS), a guard period
(GP), and an uplink pilot time slot (UpPTS).

In the special subirame, the DwPTS 1s used for mitial cell
search, synchronization or channel estimation at the UE. The
UpPTS 1s used for channel estimation at the BS and uplink
transmission synchronization of the UE. In other words, the
DwPTS 1s used for downlink transmission, whereas the
UpPTS 1s used for uplink transmission. Especially, the
UpPTS 1s used for PRACH preamble or SRS transmission.
Also, the guard period 1s to remove interference occurring in
the uplink due to multipath delay of downlink signals
between the uplink and the downlink.

Configuration of the special subframe 1s defined 1n the
current 3GPP standard document as illustrated in Table 1

below. Table 1 illustrates the DwPTS and the UpPTS 1n case
of T =1/(15000x2048), and the other region 1s configured

for the guard period.

TABLE 1

Extended cyclic prefix in downlink

Special UpPTS UpPTS
subframe Normal Extended Normal Extended
config- cyclic prefix cyclic prefix cyclic prefix cyclic prefix
uration DwPTS in uplink in uplink DwPTS in uplink in uplink
0 6592 - T, 2192 - T, 2560 - T, 7680 - T, 2192 - T, 2560 - T,
1 19760 - T, 20480 - T,
2 21952 - T 23040 - T
3 24144 - T 25600 - T,
4 26336 - T, 7680 - T, 4384 - T, 5120 - T,
5 6592 - T, 4384 - T, 5120 - T, 20480 - T,
6 19760 - T, 23040 - T,
7 21952 - T, 12800 - T,
8 24144 - T — — —
9 13168 - T — — —

L
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In the meantime, the structure of the type 2 radio frame,
that 1s, uplink/downlink configuration (UL/DL configura-
tion) in the TDD system 1s as 1llustrated 1n Table 2 below.

TABLE 2
Uplink- Downlink-
downlink  to-Uplink
config-  Switch-point Subirame number
uration pertodicity O 1 2 3 4 5 6 7 &8 9
0 5 ms D § U U U D § U U U
1 5 ms D § U U D D § U U D
2 5 ms D § U D D D § U D D
3 10 ms D § U U U D D D D D
4 10 ms D § U U D D D D D D
5 10 ms D § U D D D D D D D
6 5 ms D § U U U D § U U D

In the above Table 2, D means the downlink sub{rame, U
means the uplink subirame, and S means the special sub-
frame. Also, Table 2 also illustrates a downlink-uplink
switching period 1n the uplink/downlink subirame configu-
ration of each system.

The structure of the aforementioned radio frame 1s only
exemplary, and various modifications may be made in the
number of subiframes included in the radio frame, the
number of slots included 1n the subirame, or the number of
symbols included 1n the slot.

FIG. 5 illustrates a resource grid for a downlink slot.

Referring to FIG. 5, a DL slot includes NsymeL OFDM
symbols in a time domain and N, .~ resource blocks in a
frequency domain. Since each of the resource blocks
includes N_** subcarriers, the DL slot includes N.""x
N_ *“ subcarriers in the frequency domain. Although FIG. 5
shows an example in which the DL slot includes 7 OFDM
symbols and the resource block includes 12 subcarriers, the
present disclosure 1s not limited thereto. For instance, the
number of OFDM symbols included 1n the DL slot can vary
depending to a length of a cyclic prefix (CP).

Each element on a resource grid is referred to as a
resource element (RE) and a single resource element 1s

indicated by one OFDM symbol index and one subcarrier
index. A single RB is configured with N_  P*xN_#*°

symb
resource elements. The number (N,;"") of resﬁurce blocks
included 1n the DL slot depends on a DL transmission
bandwidth configured 1n a cell.
FIG. 6 illustrates a structure of a downlink radio frame.
Referring to FI1G. 6, up to 3 (or 4) OFDM symbols located
at a head part of a first slot of a subirame correspond to a
control region to which a control channel 1s assigned. And,
the rest of OFDM symbols correspond to a data region to
which PDSCH (physical downlink shared channel) 1s
assigned. For example, DL control channels used 1n the LTE

system may include a PCFICH (physical control format
indicator channel), a PDCCH (physical downlink control

channel), a PHICH (physical hybrid ARQ indicator channel)
and the like. The PCFICH 1s transmitted on a first OFDM
symbol of a subframe and carries information on the number
of OFDM symbols 1n the subirame used for control channel
transmission. The PHICH carries an HARQ ACK/NACK
(hybrid automatic repeat request acknowledgment/negative-
acknowledgment) signal 1n response to UL transmission.
Control information transmitted on the PDCCH 1s called
DCI (downlink control information). The DCI includes
resource allocation mformation and other control informa-
tion for a UE or a UE group. For instance, the DCI may
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include UL/DL scheduling information, UL transmission
(ITx) power control command and the like.

The PDCCH carries transmission format and resource
allocation information of a DL-SCH (downlink shared chan-
nel), transmission format and resource allocation informa-
tion of a UL-SCH (uplink shared channel), paging informa-
tion on a PCH (paging channel), system information on a
DL-SCH, resource allocation information of a higher-layer
control message such as a random access response trans-
mitted on a PDSCH, a Tx power control command set for
individual UEs in a UE group, a Tx power control command,
activation indication imnformation of a VoIP (voice over IP)
and the like. A plurality of PDCCHs may be transmitted 1n
a control region. A UE can monitor a plurality of PDCCHs.
The PDCCH 1s transmitted on aggregation of one or more
consecutive CCEs (control channel elements). In this case,
the CCE 1s a logical assignment unit used i providing the
PDCCH with a coding rate based on a radio channel state.
The CCE corresponds to a plurality of REGs (resource
clement groups). The PDCCH format and the number of
PDCCH bits are determined depending on the number of
CCEs. A BS determines the PDCCH format 1n accordance
with DCI to be transmitted to a UE and attaches CRC (cyclic
redundancy check) to control information. The CRC 1s
masked with an identifier (e.g., RNTI (radio network tem-
porary identifier)) i accordance with an owner or a purpose

of use. For instance, 11 a PDCCH 1s provided for a specific
UE, CRC may be masked with an i1dentifier (e.g., C-RNTI

(cell-RNTI)) of the corresponding UE. If a PDCCH 1s
provided for a paging message, CRC may be masked with
a paging 1denftifier (e.g., P-RNTI (paging-RNTI)). If a
PDCCH 1s provided for system information (particularly,
SIC (system information block)), CRC may be masked with
an SI-RNTI (system information-RNTI). In addition, if a
PDCCH 1s provided for a random access response, CRC
may be masked with an RA-RNTI (random access-RNTTI).

FIG. 7 1illustrates a structure of an uplink subirame used
in an LTE system.

Referring to FIG. 7, an uplink subirame includes a
plurality (e.g., 2 slots) of slots. Each of the slots may include
a different number of SC-FDMA symbols depending on a
length of CP. The UL subiframe may be divided into a data
region and a control region in the frequency domain. The
data region includes a PUSCH and 1s used to transmit such
a data signal as audio and the like. The control region
includes a PUCCH and 1s used to transmit UCI (uplink
control information). The PUCCH includes an RB pair
located at both ends of the data region on a frequency axis
and 1s hopped on a slot boundary.

The PUCCH can be used to transmit the following control
information.

SR (scheduling request): This 1s mnformation used to
request a UL-SCH resource and 1s transmitted using an
OOK (on-off keying) scheme.

HARQ ACK/NACK: This 1s a response signal 1n response
to a DL data packet on a PDSCH and indicates whether
the DL data packet has been successiully received.
1-bit ACK/NACK 1s transmitted as a response to a
single downlink codeword and 2-bit ACK/NACK 1s
transmitted as a response to two downlink codewords.

CSI (channel state information): This 1s feedback infor-
mation on a downlink channel. The CSI includes a
channel quality indicator (CQI). MIMO (multiple input
multiple output) related feedback information includes
a rank indicator (RI), a precoding matrix indicator
(PMI), a precoding type indicator (PTI) and the like.
20-b1t 1s used 1n each subirame.
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The amount of control information (UCI) that a UE can
transmit in a subirame depends on the number of SC-FDMA
symbols available for transmission of the control informa-
tion. The SC-FDMA symbols available for the transmission
of the control information correspond to the rest of SC-
FDMA symbols except SC-FDMA symbols used for trans-

mitting a reference signal in the subframe. In case of a
subframe 1 which a sounding reference signal (SRS) 1s
configured, the last SC-FDMA symbol of the subiframe 1is
excluded from the SC-FDMA symbols available for the
transmission of the control information. The reference signal
1s used for coherent detection of a PUCCH.

Hereinbelow, a new radio access technology system will
be described. As more communication devices have
demanded higher communication capacity, there has been
necessity ol enhanced mobile broadband communication
relative to legacy radio access technology (RAT). In addi-
tion, massive machine type communication (MTC) for pro-
viding various services at anytime and anywhere by con-
necting a plurality of devices and things to each other has
also been required. Moreover, design of a communication
system considering services/UEs sensitive to reliability and
latency has been proposed.

As new RAT considering such enhanced mobile broad-
band communication, massive MTC, ultra-reliable and low
latency communication (URLLC), and the like, a new RAT
system has been proposed. In the present disclosure, the
corresponding technology 1s referred to as new RAT or new
radio (NR) for convenience of description.

The NR system to which the present disclosure 1s appli-
cable supports various OFDM numerologies shown 1n the
following table. In this case, the value of t and cyclic prefix
information per carrier bandwidth part may be signaled for
cach of DL and UL. For example, the value of t and cyclic
prefix information per DL carrier bandwidth part may be
signaled though DL-BWP-mu and DL-MWP-cp corre-
sponding to higher layer signaling. As another example, the
value of t and cyclic prefix iformation per UL carrier

bandwidth part may be signaled though UL-BWP-mu and

UL-MWP-cp corresponding to higher layer signaling.
TABLE 3

L AT = 2" - 15[kHz] Cyclic prefix

0 15 Normal

1 30 Normal

2 60 Normal, Extended
3 120 Normal

4 240 Normal

A frame structure in NR will now be described. For DL
and UL transmission, a frame having a length of 10 ms 1s
configured. The frame may include 10 subirames, each
having a length of 1 ms. In this case, the number of

consecutive OFDM svmbols 1n each subframe 1s

subframe,__ subframe, M
Nsymb Nsymb

Each subiframe may be composed of two halt-frames with
the same size. In this case, the two hali-frames are composed
of subirames 0 to 4 and subirames 5 to 9, respectively.

Regarding the subcarrier spacing a, slots may be num-
bered within one subirame 1n ascending order like

n*el0, ..., N 7" *_11 and may also be numbered

slot

within one frame in ascending order like n, F&{0, . :
N, “?7@me v_11 In this case, the number of consecu‘[lve
OFDM symbols (N, .5°"y in one slot may be determined as
shown 1n the followmg table according to the cyclic prefix.
The start slot (n ") of one subirame 1s aligned with the start
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slor

OFDM symbol (n,"N,,,.,"”) of the same subirame in the
time dimension. Table 4 below shows the number of OFDM
symbols 1n each slot/frame/subirame 1n the case of a normal
cyclic prefix, and Table 5 below shows the number of
OFDM symbols 1n each slot/frame/subirame in the case of

an extended cyclic prefix.

TABLE 4
I Ns_};mbﬂﬂr st.g ;ﬁ'ame, L ngﬂfsubﬁame, L
0 14 10 1
1 14 20 P
2 14 40 4
3 14 80 8
4 14 160 16
S 14 320 32
TABLE 5
I Nsymfyﬂﬂr stg Eﬁ'ameﬁ L stﬂrsubﬁame, L
2 12 40 4

In the NR system to which the present disclosure 1s
applicable, a selt-contained slot structure may be applied
based on the above-described slot structure.

FIG. 8 1s a reference diagram for explaimng a seli-
contained slot structure applicable to the present disclosure.

In FIG. 8, the hatched area (e.g., symbol 1ndex=0) 1ndi-

cates a DL control region, and the black area (e.g., symbol
index=13) indicates a UL control region. The remaining area
(e.g., symbol mndex=1 to 12) may be used for DL or UL data
transmission.

Based on this structure, the eNB and UE may sequentially
perform DL transmission and UL transmission 1n one slot.
That 1s, the eNB and UE may transmit and receive DL data
and UL ACK/NACK 1n response to the DL data in one slot.
Consequently, due to such a structure, 1t 1s possible to reduce
a time required until data retransmission in the case in which
a data transmission error occurs, thereby minimizing the
latency of final data transmission.

In this selif-contained slot structure, a predetermined
length of a time gap 1s required for the process of allowing
the eNB and UE to switch from transmission mode to
reception mode and vice versa. To this end, in the seli-
contained slot structure, some OFDM symbols at the time of
switching from DL to UL are set as a guard period (GP).

Although the case 1n which the self-contained slot struc-
ture 1includes both the DL and UL control regions has been
described above, these control regions may be selectively
included 1n the self-contained slot structure. In other words,
the self-contained slot structure according to the present
disclosure may include either the DL control region or the
UL control region as well as both the DL and UL control
regions as illustrated 1n FIG. 8.

For example, the slot may have various slot formats. In

this case, OFDM symbols 1n each slot may be divided ito
DL symbols (denoted by ‘D”), flexible symbols (denoted by

‘X”), and UL symbols (denoted by “U”).

Thus, the UE may assume that DL transmission occurs
only 1n symbols denoted by ‘D’ and ‘X’ 1n the DL slot.
Similarly, the UE may assume that UL transmission occurs
only 1n symbols denoted by ‘U’ and ‘X’ 1n the UL slot.

Heremnaiter, analog beamforming will be described.

In a millimeter wave (mmW) system, since a wavelength
1s short, a plurality of antenna elements may be 1nstalled 1n
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the same area. That 1s, considering that the wavelength at 30
GHz band 1s 1 cm, a total of 100 antenna elements may be
installed n a 5*5 cm panel at intervals of 0.5 lambda
(wavelength) 1n the case of a 2-dimensional array. Theretore,
in the mmW system, it 1s possible to improve the coverage
or throughput by increasing the beamiforming (BF) gain
using multiple antenna elements.

In this case, each antenna element may include a trans-
ceiver unit (I XRU) to enable adjustment of transmit power
and phase per antenna element. By doing so, each antenna
clement may perform independent beamiorming per fre-
quency resource.

However, mstalling TXRUs 1n all of the about 100
antenna elements 1s less feasible 1n terms of cost. Therefore,
a method of mapping a plurality of antenna elements to one
TXRU and adjusting the direction of a beam using an analog
phase shifter has been considered. However, this method 1s
disadvantageous 1n that frequency selective beamforming 1s
difficult because only one beam direction 1s generated over
the full band.

To solve this problem, as an intermediate form of digital
BF and analog BF, hybrid BF with B TXRUSs that are fewer
than Q antenna elements may be considered. In the case of
the hybrid BEF, the number of beam directions that may be
transmitted at the same time 1s limited to B or less, which
depends on how B TXRUs and Q antenna elements are
connected.

FIGS. 9 and 10 are diagrams 1llustrating representative
methods for connecting TXRUSs to antenna elements. Here,
the TXRU virtualization model represents the relationship
between TXRU output signals and antenna element output
signals.

FIG. 9 illustrates a method for connecting TXRUs to
sub-arrays. In FIG. 9, an antenna element 1s connected to
only one TXRU.

Meanwhile, FIG. 10 illustrates a method for connecting
all TXRUs to all antenna elements. In FIG. 10, an antenna
clement 1s connected to all TXRUSs. In this case, separate
addition units are required to connect an antenna element to
all TXRUs as illustrated in FIG. 8.

In FIGS. 9 and 10, W 1ndicates a phase vector weighted
by an analog phase shifter. That 1s, W 1s a main parameter
determining the direction of analog beamforming. In this
case, the mapping relationship between CSI-RS antenna
ports and TXRUs may be 1:1 or 1-to-many.

The configuration illustrated in FIG. 9 has a disadvantage
in that 1t 1s dificult to aclueve BF focusing but has an
advantage 1n that all antennas may be configured at low cost.

The configuration illustrated 1n FIG. 10 1s advantageous
in that beamforming focusing may be easily achieved.
However, since all antenna elements are connected to the
TXRU, the configuration has a disadvantage of increase 1n
COST.

When a plurality of antennas 1s used in the NR system to
which the present disclosure 1s applicable, the hybrid BF
method obtained by combining digital BF and analog BF
may be applied. In this case, analog (or radio frequency
(RF)) BF means an operation in which precoding (or com-
bining) 1s performed at an RF end. In the case of hybrid BF,
precoding (or combining) 1s performed at each of a baseband
end and the RF end. Thus, hybrid BF 1s advantageous in that
it guarantees performance similar to digital BF while reduc-
ing the number of RF chains and digital-to-analog (ID/A) (or
analog-to-digital (A/D)) converters.

For convenience of description, the hybrid BF structure
may be represented by N TXRUs and M physical antennas.
In this case, digital BF for L data layers to be transmitted by
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a transmitting end may be represented by an N*L (N by L)
matrix. Thereatter, N converted digital signals are converted
into analog signals by the TXRUs, and then analog BF,
which may be represented by an M*N (M by N) matrix, 1s
applied to the converted signals.

FIG. 11 1s a schematic diagram illustrating a hybrid BF
structure from the perspective of TXRUs and physical
antennas. In FIG. 11, the number of digital beams 1s L and
the number of analog beams 1s N.

Additionally, a method for providing eflicient BF to UEs
located 1n a specific area by designing an eNB capable of
changing analog BF on a symbol basis has been considered
in the NR system. Further, when N TXRUs and M RF
antennas are defined as one antenna panel, a method of
introducing a plurality of antenna panels 1n which indepen-
dent hybrid BF may be applied has also been considered 1n
the NR system according to the present disclosure.

When the eNB uses a plurality of analog beams as
described above, each UE has a different analog beam
suitable for signal reception. Thus, a beam sweeping opera-
tion 1 which the eNB transmits signals (at least synchro-
nization signals, system information, paging, etc.) by apply-
ing a different analog beam to each symbol 1n a specific
subiframe 1n order to allow all UEs to have reception
opportunities has been considered in the NR system to
which the present disclosure 1s applicable.

Hereinaftter, 1n the present disclosure, a description will be
given of a method of using a short transmission time interval
(I'TT) on LTE DL/UL 1n a dual connectivity (DC) situation
in which a UE 1s connected to an NR BS and an LTE BS
simultaneously. The following description mainly focuses
on the EN-DC situation, namely, a combination of LTE Pcell
and NR Scell. However, this 1s merely for convenience of
description and the present disclosure should not be con-
strued as being limited thereto.

In 3GPP Rel. 15, dual connectivity by which a UE 1s
connected to an NR BS and an LTE BS simultaneously 1s
under discussion. In a specific band combination, when NR
uplink (NR UL) and LTE uplink (LTE UL) are transmuitted
at the same time, mtermodulation distortion (IMD) interfer-
ence occurs on the LTE DL. In order to support the trans-
mission, technology for single transmission (Tx) has been
discussed, and a scheme for time division multiplexing
(I'DM) of LTE UL and NR UL 1s under discussion.

In order to perform TDM of LTE UL and NR UL, the LTE
BS UE-specifically uses a portion of LTE UL resources.
When only some UL subframes are used for LTE on LTE
UL, to which frequency division duplex (FDD) 1s applied,
only some DL subirames may need to be used to indicate UL
subirames for scheduling/HARQ timing. Therefore, 1n order
to use HARQ timing of cross carrier scheduling of TDD-
FDD CA of LTE TDD PCell and FDD SCell to indicate UL
subiframes 1 more DL subirames, an LTE DL reference
UL/DL TDD configuration may be configured for a dual
connectivity UE.

Using a short TTI (sTTI) for LTE DL/UL 1n a dual
connectivity situation may make time division multiplexing
(IDM) of LTE UL and NR UL more flexible. Considering
that NR UL allows transmission to be performed with
various transmission time interval (TTI) lengths in TDD,
LTE UL may also allow TDM of an LTE sTTI and NR sTTI
in one LTE subirame, thereby producing more different
transmission timings.

Further, when an sTT11 1s used in LTE, scheduling/HARQ
timing needs to be considered. This may use both LTE FDD
and LTE TDD-FDD CA. When LTE carrier aggregation
(LTE CA) 1s used as described above, UL may be indicated
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in any DL subirames. However, when the sTTI 1s used,
scheduling/HARQ timing needs to be changed to indicate all
ULs 1n all DL subirames.

In particular, in Latency Reduced (LR), which 1s an
agenda of sTTI currently being handled in LTE, a short-TTI
PDCCH or short-TTI PDSCHs associated with short TTI
ULs 1n one UL subirame that 1s indicated for scheduled
PUSCH or HARQ Ack/Nack transmission 1s mapped to a
time earlier than one DL subirame by a delta short TTI
(AsTTI) number. The short-TTI PDCCH or short-TTI
PDSCHs within the length of one DL subirame and short
TTIs within the length of one UL subirame associated
therewith for scheduled PUSCH or HARQ Ack/Nack trans-
mission are mapped by determining the relative positions
thereot on the assumption that there 1s only one subirame. A
rule for determining the relative positions (e.g., k=n+4) may
be precontfigured or indicated through higher layer signaling
(e.g., RRC signaling). Hereinaftter, in the present disclosure,
a mapping method determined between the length of one DL
subirame and the length of one UL subirame associated
therewith will be described.

In the present disclosure, 1 using a short TTI i LTE,

use of only some ULs in FDD and

scheduling/HARQ timing may be supported 1n the follow

manner.
When DL-reference TDD UL/DL configuration 1s estab-

lished for UL, a short-TTI PDCCH or a short-TTI PDSCH
may be mapped a AsTTI number later, and then a UL

subiframe to be transmitted may be found based on HARQ
timing of TDD-FDD CA for TDD PCell-FDD SCell used in

LTE. Then, sTTI DL and sTTI UL may be mapped to the
found subirame.

This method 1s eflective when some UL resources to be
used in LTE FDD UL are in subiframe units. However, in
order to flexibly perform TDM of LTE UL and NR UI
dual-connected therewith, UL resources may be used as LT
resources on a per short-TT1 basis.

Theretfore, 1n the present disclosure, 1n using the short TTI
in LTE,

use of only some ULs 1n FDD, and

scheduling/HARQ timing may be additionally supported
in the follow manner.

When DL-reference TDD UL/DL configuration 1s estab-
lished for UL, and there 1s one short-TTI 1n the configured
UL, a UL subframe for transmission may be found based on
the HARQ timing of the TDD-FDD CA for the TDD
PCell-FDD SCell which 1s used 1n LTE, and then scheduled
PUSCH or HARQ Ack/Nack may be transmitted in the
short-T'T1 present therein.

Here, the position of the short TTI 1n the UL subirame
may be indicated by higher layer signaling (e.g., RRC
signaling) or on a media access control control element
(MAC CE) or a control channel, or may be pre-specified.

However, when there 1s only one sT'11 1n the UL subframe
configured 1n the DL-reference TDD UL/DL configuration,
only short TTIs 1n some subframes may be used for UL,
which 1s disadvantageous.

Therelore, 1n the present disclosure, 1n using a short TTI
in LTE,

use of only some ULs 1 FDD and

scheduling/HARQ timing may be supported in the fol-

lowing manner.

When one short TTI 1s present within all UL subirames,
a UL subirame for transmission may be found based on the
HARQ timing of FDD used in LTE, and then the scheduled
PUSCH or HARQ Ack/Nack may be transmitted in the

short-T'T1 present therein.
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Here, the position of the short TTI 1n the UL subiframe
may be indicated by higher layer signaling (e.g., RRC
signaling) or on a MAC CE or control channel, or may be
pre-speciiied.

Further, when TDM of two UL carriers or different UL
and DL carriers 1s performed to support single Tx 1n dual

connectivity, allowing the short-T'TI unit may ensure eili-
cient TDM.

FIGS. 12A and 12B are reference diagrams for describing
eflicient TDM using a short TTI. FIGS. 12A and 12B show

types of TDM of LTE UL and NR UL in dual connectivity
(DC) for each TDM unit. FIG. 12A shows UL timing of LTE
UL and NR UL when TDM 1s performed on a subirame
basis. FIG. 12B shows that UL timings may be spread over
time 1n both LTE and NR when TDM 1s performed on a short
TTI basis.

For TDM on the short TTI basis described above, the
following umits may be considered for backhaul signaling

between BSs corresponding to each UL 1n performing TDM
on UL:

%4 short T'T1 in LTE (2 symbols/3 symbols);

Slot short TTI in LTE (7 symbols); and

Subirame 1n LTE.

However, when a TDM pattern 1s exchanged between BSs
in combinations of all these units, the number of combina-
tions may become excessively large,, resulting 1n high com-
plexity. In this regard, the following rules are proposed 1n the
present disclosure.

Rule 1: A maximum of one short TTI may be allowed 1n
one subirame. This refers to, for example, a pattern 1n
which only one short TTI 1s present 1n each subframe.
With this rule, latency may be reduced because at least
one UL 1s present in one subirame.

Rule 2: In the case where a short T'T1 1s present 1in one
subirame and 1s positioned at the foremost or rearmost
part of the subirame, the control information of NR
may be protected 1t an LTE short TTI 1s present in the
subirame and 1s positioned at the rearmost part of the
subiframe. If the LTE short TTI 1s positioned at the
foremost part of the subirame, the NR frame may be
shifted to protect the control information of NR.

FIG. 13 1s a reference diagram 1illustrating an exemplary
case where TDM patterns A to D having a periodicity of 40
ms and subirame granularity of 1 ms and configured con-
sidering single UL Tx and UL/DL TDM are applied as a
2-bit bitmap. The patterns are as follows:

Pattern A: 3 symbols at the foreside of subirame for LTE;

Pattern B: 3 symbols at the backside of subirame for LTE;

Pattern C: 1 subframe for LTE;

Pattern D: 0 subiframe for LTE.

In FIG. 13, when the TDM pattern 1s pattern A or pattern
B with the periodicity of 40 ms, a scheduling/HARQ timing
related 1ssue that may be raised due to coupling between the
LTE FDD LR scheduling/HARQ timing and the existing
system may be alleviated.

FIG. 14 1s a reference diagram 1illustrating another exem-
plary case where TDM patterns A to D having a periodicity
of 40 ms and subiframe granularity of 1 ms and configured
considering single UL Tx and UL/DL TDM are applied as a
2-bit bitmap. The patterns are as follows:

Pattern A: 3 symbols at the backside of subirame for LTE;

Pattern B: 7 symbols at the backside of subirame for LTE;

Pattern C: 1 subframe for LTE;

Pattern D: 0 subiframe for LTE.

When the TDM pattern 1s pattern A or pattern B with the
periodicity of 40 ms, a scheduling/HARQ timing related
issue that may be raised due to coupling between the LTE
FDD LR scheduling/HARQ timing and the existing system
may be alleviated.
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Further, in the current short-TTI (sT'1), only 1 slot DL
TTI and 1 slot UL TTTI are allowed in TDD, and Table 6 1s
applied for HARQ timing. Table 6 shows values of K for
ACK/NACK transmission in slot n on the assumption that a
grant 1s received 1n slot n—-K.

18

Currently, 1n DC, both PUSCH scheduling/HARQ timing,
has been determined to conform to HARQ timing 1n trans-
mitting, 1n the PCell, ACK/NACK for DL assignment of the
SCell in TDD PCell-FDD SCell CA. Similarly, sTTI may
use Table 7 for both scheduling/HARQ timing.

TABLE 6
TDD
UL/DL slot number n
Conf. 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
0 4 4 4 4 4 4 4 4
1 6, 5 5,4 4 4 6, 5 54 4 4
2 8, 7, 7, 6, 8, 7, 7, 6,
12, 11 5,4 12,11 5,4
3 14, 13, 12,11, 10,9 9,8 8,7 7,6
12 10
4 16, 15, 13,12, 10,9, 7, 6,
14,13 11,10 ¥, 7 5,4
5 18, 17, 12, 11,
16, 15, 10,9,
14, 13, 8, 7,
12, 22, 6, 5,
21 4
6 6 6 6 6 6 6 4 4 4 4

According to Table 6, when an sTTI 1s configured 1n dual
connectivity (DC), the TDD configuration may be received
and only UL corresponding thereto i1s available in LTE.
Accordingly, when Table 6 described above 1s used, LTE DL
may not be used efliciently. In particular, DL assignment
may not be allowed 1n a DL subirame at a time correspond-
ing to the UL subframe of the TDD configuration.

Therelore, the table may be modified to Table 7 to allow
DL assignment in the UL subirame.

Table 7 shows, based on the timing of Table 6, which 1s
HARQ timing in the case where DL assignment 1s received
in a DL subframe and a special subirame 1 the TDD
configuration, HARQ timing in the case where DL assign-
ment 1s received i a DL subiframe at the same time
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corresponding to a UL subirame in the TDD configuration. 40

Table 7 1s designed to prevent excessive concentration of
many ACK/NACK transmissions in some UL slots while
satistying the condition of K>=4 when DL assignment 1s
received at a position corresponding to the UL subirame.

When it 1s assumed that a new PUSCH scheduling timing,
1s generated, the PUSCH scheduling timing in the current

sTTTI 1s given as shown 1n Table 8. Table 8 shows values of
K given when PUSCH 1s transmitted 1n slot n+K 1n the case

where a UL grant 1s received 1n slot n. Table 8 basically
shows values of K designed 1n the case where UL grants are
received 1n a DL subirame and a special subirame in the

TDD configuration. Specifically, when the number of DL

subiframes 1s greater than the number of UL subirames, UL

grants are limited to be received within the number of UL

subiframes. Since DL assignments will be more than UL

assignments and 1t 1s difficult to transmit many PUSCHs on

the limited UL resources, momitoring complexity of the UE
may be lowered by limiting the UL grant occasions. PUSCH

scheduling 1n DC may also use Table 8 for the same reason.

TABLE 7
TDD
UL/DL slot number n
Conf. o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
8, 4 8, 4 8, 4 8, 4 4 4 8.4 8,4 g4 84 4 4
1 10, 6, 10, 5, 10,4 10,4 10, 6, 10,5, 10,4 10,4
5 5 4
2 10, &, 10, 7, 10, 8, 10, 7,
7,12, 6, 5, 7,12, 6,5,
11 4 11 4
3 18, 14, 18,12, 18,10, 18,9, 8 7, 7,6,
13,12 11, 10 9 8 4 4
4 17,16, 17,13, 17,10, 17,67,
15, 14, 12, 11, 9, 8, 6, 5,
13 10 7 4
5 19, 18, 21, 12,
17, 16, 11, 10,
15, 14, 9, &,
13, 12, 7, 6,
2,2 5,4
6 10, 6 10, 6 10,6 10,6 6,4 6,4 504 6,4 8,4 8, 4
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TABLE 8

TDD UL/DL slot number n
Configuration 0 1 2 3 4 5 6 7 8 9 10

0 4 4 4,5 5,6 4

1 4 4 4 4 4

2 4 4 4

3 6 6 6 6

4 4 4 4 4

5 4 4

6 6 6 6 6 4

Alternatively, for the same reason, the UL grant occasions
may be limited to the number of UL subirames, but may be
demgned as shown 1n Table 9 to lower latency Only UL
tlmlng 1s limited to the TDD configuration for LTE FDD
carriers, and DL timing 1s available at any time. Accordingly,
when Table 9 1s used 1n DC, a UL grant may always be
allowed to be transmitted 1n a DL slot before 4 slots ina UL
subirame. Since Table 8 allows the UL grant to be trans-
mitted only 1n the DL subiframe and the special subirame,
Table 9 1s not applicable.

15
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12 13 14 15 16 17 18 19
4,5 5,6
4 4
6 6
4 4 6 6

closure 1n prescribed forms. And, 1t may be able to consider
that the respective elements or features may be selective
unless they are explicitly mentioned. Each of the elements or
features may be implemented 1n a form failing to be com-
bined with other elements or features. Moreover, it may be
able to implement an embodiment of the present disclosure
by combiming elements and/or features together in part. A
sequence ol operations explained for each embodiment of
the present disclosure may be modified. Some configura-
tions or features of one embodiment may be included in

TABLE 9
TDD UL/DL slot number n
Configuration O 1 2 3 4 5 6 7 8 9 10 11
0 4 4 4 4 4 4 4 4
1 4 4 4 4 4 4
2 4 4 4 4
3 4 4 4 4 4 4
4 4 4 4 4
5 4 4
6 4 4 4 4 4 4 4 4

FIG. 15 illustrates a base station (BS) and a user equip-
ment (UE) applicable to an embodiment of the present
disclosure.

When a relay node 1s included 1n a wireless communica-
tion system, backhaul link communication 1s performed
between the BS and the relay node, and access link com-
munication 1s performed between the relay node and the UE.
Theretore, the BS or UE shown in the drawing may be
replaced with the relay node 1 some cases.

Referring to FIG. 15, a wireless communication system

includes a base station (BS) 110 and a user equipment (UE)
120. The BS 110 includes a processor 112, a memory 114
and an RF (radio frequency) unit 116. The processor 112 can
be configured to implement the procedures and/or methods
proposed 1n the present disclosure. The memory 114 1s
connected to the processor 112 and stores various kinds of
information related to operations of the processor 112. The
RF unit 116 1s connected to the processor 112 and transmits
and/or receirves radio or wireless signals. The UE 120
includes a processor 122, a memory 124 and an RF unit 126.
The processor 122 can be configured to implement the
procedures and/or methods proposed 1n the present disclo-
sure. The memory 124 1s connected to the processor 122 and
stores various kinds of information related to operations of
the processor 122. The RF unit 126 1s connected to the
processor 122 and transmits and/or receives radio or wire-
less signals. The BS 110 and/or the UE 120 can have a single
antenna or multiple antennas.

The above-described embodiments may correspond to
combinations of elements and features of the present dis-
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13 14 15 16 17 18 19
4 4 4

4

4

another embodiment or can be substituted for corresponding
configurations or features of another embodiment. And, it 1s
apparently understandable that a new embodiment may be
configured by combining claims failing to have relation of
explicit citation 1n the appended claims together or may be
included as new claims by amendment after filing an appli-
cation.

In this disclosure, a specific operation explained as per-
formed by a BS can be performed by an upper node of the
BS in some cases. In particular, in a network constructed
with a plurality of network nodes including a BS, 1t 1s
apparent that various operations performed for communica-
tion with a UE can be performed by a BS or other network
nodes except the BS. In this case, ‘BS’ can be replaced by
such a terminology as a fixed station, a Node B, an eNodeB
(eNB), an access point and the like.

The embodiments of the present disclosure may be imple-
mented using various means. For instance, the embodiments
of the present disclosure may be implemented using hard-
ware, lirmware, software and/or any combinations thereof.
In case of the implementation by hardware, one embodiment
of the present disclosure may be implemented by at least one
of ASICs (application specific integrated circuits), DSPs
(digital signal processors), DSPDs (digital signal processing
devices), PLDs (programmable logic devices), FPGAs (field
programmable gate arrays), processor, controller, microcon-
troller, microprocessor and the like.

In case of the implementation by firmware or software,
one embodiment of the present disclosure may be 1mple-
mented by modules, procedures, and/or functions for per-
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forming the above-explained functions or operations. Sofit-
ware code may be stored in a memory unit and may be then
driven by a processor.

The memory unit may be provided within or outside the
processor to exchange data with the processor through the

22

wherein, based on there being one short-transmission time
interval (sTT1) in the uplink subframe:

the uplink subframe 1s determined based on Hybnd
Automatic Repeat Request (HARD) timing for car-

5 . . - _
various means known to the public. rier aggregation ot an L'TE-based TDD Primary Cell
It will be apparent to those skilled in the art that the (Pcell) and an FDD Secondary Cell (Scell)
present disclosure can be embodied 1n other specific forms an uplink signal is transmitted in the first transmission
Wltho%lth dfec,ipartlmg frog{nh the Eplrg and es;eglflal charactert%- time unit, which is configured for the first RAT
tics ol the disclosure. 1hus, the above embodiments are 1o be ), which 1s FDD-based LTE, 1n the uplink subtrame,
considered 1n all respects as illustrative and not restrictive. S o _
The scope of the disclosure should be determined by rea- the ﬁI:St transmission time unit s the one sT11 in the
sonable interpretation of the appended claims and all change uplink subframe
which comes within the equivalent scope of the disclosure wherein the HARQ timing related to the first transmis-
are included in the scope ot the disclosure. 15 sion time umt 1s determined according to a preset
INDUSTRIAIL APPLICARILITY value of K, where K 1s a natural number, and
_ o _ wherein the preset value of K depends on (1) the
In the wireless communication system as descrlbid downlink reference TDD UL/DL configuration and
above, the method of transmitting and receiving an LTE- .0 T g Fthe first { o
based signal and an NR-based signal and an apparatus (11)_ a' 1me'un1 111 e}% i 0_ © .rs 1‘8118‘1111881011 HIe
therefor are applicable to various wireless communication unit in which the uplink signal is transmitted, accord-
systems. ing to:
TDD
UL/DL time unit index n
Conf. 0123 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
0 8, 4 8, 4 8.4 84 4 4 8.4 84 84 84 4 4
1 10, 6, 10,5, 10,4 10,4 10, 6, 10,5, 10,4 10,4
S 5 4
y, 10,8, 10,7, 10, 8, 10, 7.
7.12, 6,5, 7.12. 6,5,
11 4 11 4
3 18, 14, 18,12, 18,10, 18,9, 8 7. 17.6.
13,12 11, 10 9 8 4 4
4 17,16, 17,13, 17,10, 17.7.
15,14, 12,11, 9,8, 6,5,
13 10 7 4
5 19, 18, 21, 12.
17,16, 11, 10,
15,14, 9,8,
13,12, 17,6,
22,21 5.4
6 10, 6 10, 6 10,6 10,6 6,4 6,4 6,4 6,4 8§ 4 8 4
The 1nvention claimed 1s: 45 wherein (n-K) 1s a time unit index of receiving an
1. A method for transmitting and receiving a signal by a uplink grant that schedules transmission of the
terminal dual-connected to a first Radio Access Technology uplink signal.
(RAT) and a second RAT 1 a wireless communication 2. The method of claim 1, wherein relative positions of
system, the method comprising: uplink signals having the first transmission time unit are
receiving a downlink reference Time Domain Duplex °Y configured through higher layer signaling, and
(TDD) uplink-downlink (UL/DL) configuration based wherein the uplink signals are related to a downlink signal
on the first RAT; and having the first transmission time unit.
performing time division multiplexing (TDM) of config- 3. The method of claim 1, wherein the first transmission
uring a first transmission time unit for the first RAT and s time unit of the uplink subframe 1s configured through one
configuring a second transmission time unit for the of higher layer signaling, a Media Access Control Element
second RAT 1n an uplink subirame, (MAC CE), or a control channel.
wherein the first RAT 1s Frequency Domain Duplex 4. A terminal for transmitting and receiving a signal while
(FDD)-based Long Term Evolution (LTE), being dual-connected to a first Radio Access Technology
wherein the second RAT 1s New Radio Access Technol- ., (RAT) and a second RAT 1n a wireless communication
ogy (NR), system, the terminal comprising:
wherein based on that the uplink subiframe based on the a radio frequency unit; and
downlink reference TDD UL/DL configuration 1is a Processor,
related to the first transmission time unit having a wherein the processor 1s configured to:
predetermined length, the second transmission time 65  receive a downlink reference Time Domain Duplex

unit except the first transmission time unit 1s configured
for the second RAT 1n the uplink subirame,

(TDD) uplink-downlink (UL/DL) configuration based
on the first RAT; and
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configure a first transmission time umt for the first RAT
and configure a second transmission time unit for the
second RAT 1n an uplink subirame,

wherein the first RAT 1s a Frequency Domain Duplex
(FDD)-based Long Term Evolution (LTE) band,

24

rier aggregation of an LTE-based TDD Primary Cell
(Pcell) and an FDD Secondary Cell (Scell)

an uplink signal 1s transmitted in the first transmission
time unit, which 1s configured for the first RAT

5 . . _ . .
wherein the second RAT 1s New Radio Access Technol- which 1s FDD-based LIE, in the uplink sublrame,
ogy (NR), the first transmission time unit 1s the one sTTI 1n the
based on that the uplink subframe based on the downlink uplink subframe,
reference TDD UL/DL ;onﬁgur 3“0111 15 rela};edgtjlj d ﬁr}s;t wherein the HARQ timing related to the first transmis-
‘iiansmlsszj? time unit ‘?V g a_It)I:e etelﬁmme q fengt‘il,, 10 sion time unit 1s determined according to a preset
© SCCONA UALSMISSION UNE UL 1S COLLZUICC 10t He value of K, where K 1s a natural number, and
second RAT 1n the uplink subframe except the first _ _
transmission time unit, wherein the preset value of K depends on (1) the
wherein, based on there being one short-transmission time downlink reterence TDD UL/DL configuration and
interval (sTTI) in the uplink subframe: (1) a time umt mdex n of the first transmission time
the uplink subframe is determined based on Hybrid 1° unit in which the uplink signal is transmitted, accord-
Automatic Repeat Request (HARQ) timing for car- ing to:
1TDD
UL/DL time unit index n
Conf. 01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
0 8, 4 8, 4 8.4 84 4 4 8.4 84 84 84 4 4
1 10,6, 10,5, 10,4 10,4 10, 6, 10,5, 10,4 10,4
S 5 4
, 10,8, 10,7, 10, 8, 10, 7.
7.12, 6,5, 7.12, 6, 5.
11 4 11 4
3 18, 14, 18,12, 18,10, 18,9, 8 7, 17,6,
13,12 11, 10 9 8 4 4
4 17,16, 17,13, 17,10, 17,7.
15,14, 12,11, 9,8, 6,5,
13 10 7 4
5 19, 18, 21, 12,
17,16, 11, 10,
15,14, 9,8,
13,12, 17,6,
22.21 5,4
6 10,6 10,6 10,6 10,6 6,4 6,4 6,4 6.4 84 84
wherein (n—-K) 1s a time unit index of receiving an
40 uplink grant that schedules transmission of the

uplink signal.
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